Introduction
Mountain protected areas (PAs) are usually considered crucial for the conservation of several biodiversity elements. Although only a limited number of WKHVH DUHDV DUH GHVLJQHG RU PDQDJHG ZLWK WKH VSHFLÀF goal of conserving freshwater biodiversity (Chessman 2013) , protected mountain areas generally may be important refuges for highly endangered aquatic VSHFLHV 6FKDXHU HW DO 1DWLYH FUD\ÀVK VSHFLHV (Decapoda: Astacidae) are currently among the most threatened organisms of the European freshwater fauna. While in the past they were widespread in all the river networks from springs to estuaries, currently they DUH RIWHQ FRQÀQHG WR PRXQWDLQ DQG KLOO\ DUHDV LQ WKH XSSHU UHDFKHV RI ÀUVWRUGHU FUHHNV DQG VWUHDPV : HVWman et al. 2002; Nardi et al. 2005; Manenti et al. 2014) .
1DWLYH FUD\ÀVKHV DUH WKUHDWHQHG E\ KDELWDW ORVV fragmentation and alteration, pollution, overharvesting, climate change, and the introduction of alien species and epizootic diseases (Sala et al. 2000; Edgerton et al. 2004; DAISIE 2009; Holdich et al. 2009; Hulme 2009; Capinha et al. 2013; Chucholl 2013; Markovic et al. 2014) .
7KH QDWLYH ZKLWHFODZHG FUD\ÀVK Austropotamobius pallipes complex has been included in the IUCN (International Union for Conservation of Nature) Red Data List as Endangered (EN) (Füreder et al. 2010) . 3RSXODWLRQV RI WKH ZKLWHFODZHG FUD\ÀVK KDYH GHclined enormously in the past few years and the species' range has been drastically reduced, such that conservation strategies have become mandatory (Kozák et al. 2011) . In several territories in Italy, the ZKLWHFODZHG FUD\ÀVK LV FRQVLGHUHG WR EH RQ WKH YHUJH of extinction (Fea et al. 2006; Brusconi et al. 2008 ). An understanding of the factors that cause a native species to become extinct is important for the development of an effective and appropriate conservation strategy for the future.
$ NH\ LVVXH IRU WKH FRQVHUYDWLRQ RI QDWLYH FUD\ÀVK species is to avoid the spread of alien ones. Most of WKH QRQQDWLYH FUD\ÀVK VSHFLHV FXUUHQWO\ HVWDEOLVKHG LQ European waters have apparently been introduced by anthropogenic activities, e. g. for aquaculture purposes or, to lesser extent, via the aquarium trade (Gozlan et al. 2006; Holdich et al. 2009 ). The spread of alien species by human activity often has a serious impact on native species (Strayer 2010) , and PAs are expected to play a key role in the preservation of the native ecosystem. ,Q SDUWLFXODU WKUHH $PHULFDQ IUHVKZDWHU FUD\ÀVKHV DUH VLJQLÀFDQWO\ KDUPIXO WR QDWLYH (XURSHDQ RQHV Pacifastacus leniusculus (Dana, 1852) (Decapoda: Astacidae), Procambarus clarkii (Girard, 1852) (Alderman 1996; Holdich et al. 2009 The aim of this paper is to describe a case of extinction of a native population of the A. pallipes complex in a mountain PA in Lombardy (NW Italy) and to identify the factors that caused this event.
Our results demonstrate that, after the introduction RI WKH VSLQ\FKHHN FUD\ÀVK O. limosus in the creek, A. astaci plague brought about the extinction of the native species. In addition, we tried to uncover how the alien species had been introduced into the area. Our results evidence the importance of including programmes of supervision for small freshwater habitats in the management plans of mountain PAs.
Material and methods
Our research is focused on the San Michele creek situated in the Monte Barro Regional Park (Figure 1 The San Michele creek rises from a spring located in the area of the same name (situated in Galbiate Municipality, Figure 2 ), on the eastern side of the Monte %DUUR :*68701 ( 1 P DVO 7KH ÁRZ UDWH RI WKH VSULQJ LV HVWLPDWHG to be 8 l per minute. Riparian vegetation consists of both deciduous trees and understorey plants, with a large number of ferns. A few metres downstream from the spring, a pool with permanent water occurs ( Figure 3 ). The creek is perennial only in its initial stretch, then runs into a 60-metre high waterfall and meets permeable substrates, where the water is present only during periods of high rainfall. Finally, WKH FUHHN ÁRZV LQWR /DNH *DUODWH DQG WKH ULYHU $GGD Both the presence of the waterfall and, downstream from it, the temporary nature of the presence of water DFWHG DV EDUULHUV IRU WKH VSUHDG RI WKH LQYDVLYH FUD\ÀVK O. limosus, which was already established in the Lario (also known as Lake Como), which is nearby, in 2006 if not earlier (Manenti 2006) . The San Michele creek hosted a well-structured population of the A. pallipes complex, which has been surveyed periodically since 2003 (Manenti 2006 , and unpublished data). 
Discussion
We report the sudden extinction of a population of the A. pallipes complex in a mountain PA. We hypothesize that the extinction of this species complex was immediately successive to the illegal introduc-WLRQ RI WKH VSLQ\FKHHN FUD\ÀVK O. limosus, and that the pathogen A. astaci was responsible for the mass 2011; Frings et al. 2013; Rahel et al. 2013; Kozubíko-vá-Balcarová et al. 2014; Manenti et al. 2014; Benejam et al. 2015; Collas et al. 2016) . In San Michele creek, the 60-metre high waterfall and the irregular presence of water can hinder the upstream movement of the alien species. Indeed, possibly due to the presence of WKHVH QDWXUDO EDUULHUV WKH LQYDVLYH FUD\ÀVKHV ZHUH QHYer reported in the San Michele creek before the 2013, despite their occurrence in the river Adda (Manenti 2006, and pers. obs.) .
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To understand the role played by users of the PA LQ WKH IUHVKZDWHU FUD\ÀVK H[WLQFWLRQ WKDW RFFXUUHG LQ our study locality, information was collected by talking with local people. People in the area knew of the SUHVHQFH RI WKH ZKLWHFODZHG FUD\ÀVK DQG WKH RFFXU-UHQFH RI WKH LQYDVLYH FUD\ÀVK VSHFLHV P. clarkii. In fact, some of them spoke of a UHG FUD\ÀVK (possibly refer-ULQJ WR WKH UHGVZDPS FUD\ÀVK P. clarkii) as the only terrible and invasive FUD\ÀVK VSHFLHV WKDW ZDV KLWWLQJ WKH native one. However, they erroneously reported the presence of the autochthonous species in the river Adda, and the possibility of bringing specimens up to the San Michele creek in a homemade population restoration. Therefore, it is possible that the good faith of ORFDOV FDXVHG WKH VSUHDG RI WKH VSLQ\FKHHN FUD\ÀVK in the upper part of the creek, causing the extinction RI WKH QDWLYH FUD\ÀVK SRSXODWLRQ ,W LV SUREDEOH WKDW O. limosus specimens were found in the Adda, misiden-WLÀHG DV WKH QDWLYH VSHFLHV DQG WKHQ LQWURGXFHG WR WKH San Michele creek by locals.
Our report highlights the strong impact that humans may have as vectors of alien species, even in isolated mountain PAs. Moreover, this study emphasizes how prompt action following the introduction RI DOLHQ FUD\ÀVK VSHFLHV PD\ EH VXFFHVVIXO 2XU UHsults show that the alien O. limousus was completely eradicated within two months of its introduction. This successful eradication paves the way for further studies to evaluate the feasibility of a reintroduction of the ZKLWHFODZHG FUD\ÀVK A. pallipes complex in this area, with insights of potential interest for other European mountain PAs. In fact, earlier studies have reported WKH SRVVLELOLW\ RI UHVWRULQJ QDWLYH IUHVKZDWHU FUD\ÀVK populations after a minimum three-year absence of the host (Smith & Söderhäll 1986; Taugbøl et al. 1993; Souty-Grosset et al. 2006) .
The extinction of an endangered aquatic species in a SCI in a regional park which we report here underlines the need for the careful management of freshwater habitats in mountain PAs. waters, mountain areas are likely to become the last refuges for several threatened species. Moreover, our study shows that in mountain parks users may release dangerous allochthonous species in pools and streams, even when they are isolated from the surrounding hydrographic networks. In this paper, we underline the need to ensure adequate surveillance of aquatic ecosystems in mountain PAs. The risks of public access to water bodies where endangered aquatic species occur should be carefully evaluated. 
